The 1950s, a time of placid prosperity, was also an era in which the United States awoke to health threats in its environment. Out of that awakening came a scientific discipline that now, decades later, determines not only how much residual pesticide may safely be allowed in an orange, but also attempts to define how much exposure to carcinogenic chemicals may eventually lead to death from cancer.
Health risk assessment research is based on a multidisciplinary alliance of physics, chemistry, biology, genetics, geology, pharmacology, pathology, and statistics. This alliance, the basis for a whole new field of analysis, grew out of the need for courts, industry, and government to respond to the demands of the public to quantify the potential effects of toxic substances and radiation on human health, as well as to find some way to judge acceptable limits of exposure.
As such, the practice of health risk assessment is only about 20 years old; yet, its methods and principles are widely used in policy decisions that affect millions of lives and involve hundreds of billions of dollars. How far the field has come, how useful it has been in regulating the substances considered dangerous to health or the environment, and how helpful it has been in identifying these substances are all assessed in a report from the Office of Technology Assessment, which will be published in the fall.
In an early draft of its report, the OTA concludes that health risk assessment research is necessary; however, major gaps in its practice and application need to be closed in coming years. Most pressing is the need for more research in environmental health to create, identify, or develop better methods to be used in defining and assessing risk; this is referred to as methodological research.
The second area in which there is room for improvement is policy making. Health risk assessment is now conducted by many scientists in many agencies. The administrators of these agencies must communicate across bureaucratic boundaries to acquire or conduct relevant research and generate the best risk assessments. Similarly, OTA says, government agencies now set their own separate agendas, rarely working together to solve common problems; turf battles are not unknown. Although different federal statutes govern the kinds of risk assessments done by the agencies, therefore limiting some of the administrators' control, the agencies must somehow end their isolation and learn to work together.
Orgins of Health Risk Assessment
Opinions differ on how the process of risk assessment began. But OTA is known for its "report cards" on research activities in and out of government; thus, federal agencies at first expected to be graded individually on their health risk assessment research activities. But as OTA interviewers contacted more and more scientists and administrators within the agencies, another picture emerged.
What the investigators found was that health risk assessment was not just an activity where certain agencies or departments were succeeding and others were failing. There were, rather, problems common to the field throughout government. "The scientists at the agencies felt there were problems, but couldn't put their finger on them exactly," Paxman said. "So now, health risk assessment research iere should is looked at as an integrated 3tween re-federal effort. It's at the inte--making.
grated overall level where the problems exist, and that's where the opportunities are as well."
Congressional offices had heard that government wasn't using the best risk assessment science, but OTA found that the agencies "are doing good science-but there's more that goes into regulation than science," Paxman said, "There is a link between research and decision-making, and there should be a closer link. But there's a feeling that research would be poisoned by being more closely linked with regulation." Management has been separated from risk assessment research in government because many believe that managers' expectations could skew the research outcome. Such separation of management and research was supported in the 1983 NAS report. The OTA report states that this gap must now be narrowed to unify risk assessment because, according to Sheila Jasanoff, professor and chair of the Department of Science and Technology Studies at Cornell University, risk assessment is "not a purely scientific activity." "Indeed," Jasanoff wrote recently in the EPA Journal, "risk assessment is often described as an art rather than a science. This formulation emphasizes that risk assessment, like any artistic endeavor, requires the use of subjective judgment."
Impact of Risk Assessment Research
The OTA draft report acknowledges that risk assessment forms the basis of dozens of federal, state, and local laws and regulations, thus influencing the expenditure of hundreds of billions of dollars in health and environmental protection. "Policy makers depend on health risk assessment and research when making regulatory decisions about which risks to tolerate and which to reduce," the report says, pointing out that decisions to reduce risks may lead 
A look at the number of existing chemicals and new compounds added each year explains the need for futher toxicity testing and data development. OTA estimated that the total number of chemicals in commerce including industrial chemicals, pesticides, and food additives-all ofwhich are potentially subject to regulation in the United States-is about 62,000, with an additional 1,500 developed each year.
Setting Priorities
Charting the course of risk assessment research requires work at several levels in federal agencies, and OTA examined the process at the national, agency, and program levels. Most importantly, OTA found that risk assessment research is not a national research priority. This is in spite of the fact that regulatory agencies are setting priorities and levels for deanup at hazardous waste sites on the basis of risk assessment and that many national goals, especially public health and environmental protection, benefit from risk assessment research.
Some scientists interviewed for the report claim that the research system does not work. Resources, they argue, are squandered on a system that is incapable of setting priorities. Consequently, the perception exists that the areas of highest priority research, i.e., those most likely to improve the process of risk assessment, are not being funded or conducted.
Regulatory stew. The OTA report suggests ingredients that should go into regulatory decisionmaking.
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i-_ OTA found that no process exists to set national and agency-wide research priorities for risk assessment research; "in fact, on a national level, no priority-setting mechanism appears to be in place for research generally, let alone risk assessment research specifically." "In contrast," said the report, "priority-setting at the program level appears comparatively formalized and welldirected in spite of limited discretionary budgets."
The federal research effort to improve risk assessment is largely decentralized, and though OTA said it observed a few multiagency efforts, participants and nonparticipants displayed little enthusiasm, and some even showed overt hostility toward the effort. Federal scientists conduct research almost entirely in support of their sponsoring agencies and departments, which is also the case for environmental research in general. Risk assessment research is spread across at least 12 different agencies and more than 28 programs. Each agency has its own set of priorities, based on different constituents, legislative mandates, and missions and influenced by historical factors. This makes agency-specific research easier, but it can also make work fragmented and diffuse.
OTA We r ssme *Launch a national initiative with the White House or executive-level leadership, which would raise the field to a higher level and priority. This would not only attract resources, but promote interagency and extramural cooperation.
*Expand resources available for the field.
Given the current fiscal atmosphere, Congress may not increase appropriations for health risk assessment research; therefore, funds could be raised by redirecting budget money already appropriated for other areas. For instance, Congress appropriated $9 billion during fiscal year 1993 to dean up hazardous waste sites at the Department of Energy and the Department of Defense; of that, a small percentage could be set aside for health assessment research to be applied directly to the dean-up effort.
*Institute a system of fees and penalties: users of research could be assessed fees. A percentage of the money sent to the general fund from fines levied by EPA Olson said, "The way to go is not to figure out whether 20 or 30 people are going to die of cancer from exposure to a substance and try to manage or reduce that risk, but to prevent the pollution in the first place." Industry has argued, however, that decision makers must take into account everything that's known about health risks, and in many cases "there's more involved than a simplistic policy would admit," Wilson said. Anyone who has ever dealt with government bureaucracy would agree that it is far from simple and, as the OTA report mentions, has been a hindrance to good risk assessment. Scientists contacted tended to agree that, as Vandenberg put it, "within the federal government, you've got Balkanization of policy." However, there may be a reason for that which goes beyond protection of turf. "Agencies are all implementing different pieces of legislation," commented Bryan Hardin of NIOSH. "Each agency tends to have a different set of customers.
Jan Ziegler is a freelance writer in Washington, DC. Some researchers, including Young and Wilson, point out that risk assessors must keep up with the latest science, and in government, they do not always do so. An example is formaldehyde. High concentrations of this substance cause tumors in rats; it would seem likely, then, that low exposure to formaldehyde among humans would cause enormous numbers of cancers. Yet that, says Wilson, has not happened. Statistical changes were created to make the rat model measure up more accurately to reality, but EPA scientists have been reluctant to modify their standard practice, even though EPA has advised them to do so whenever new information comes along that should be taken into consideration.
Whether the OTA report will result in reform is open to question, but Congress is already taking action in some areas that document mention. Senator Daniel Patrick Moynihan is sponsoring a bill that would set up two advisory committees whose duties would include ranking health and ecology risks, as well as an interagency panel to make federal risk assessment more consistent. It would also establish a research program to improve methodology research (see Spheres of Influence).
The question remains whether this, or any other reforms, will simplify risk assessment or make it more accurate. Some say that the more basic question is whether risk assessments should be used at all, or that the answer is simply to use fewer toxic chemicals. Regardless of the questions asked, it seems clear that in an increasingly hazardous world, the need to inject some measure of certainty into the outcomes of our actions will continue to fuel the drive for risk assessments. 
